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© High frequency switching circuit. 
© A switching element <12), a transformer (13) having a 
element I"* n^' thr ° U 9 h said SW *<A 

3^5 1 1 ' r neCt8d in Para,,el Whh ,he P*™* vvindirrg 
?«S a ™ W C ° nStftUte 8 • l "0»«"*<» switching 
llT'ri m M 90et,C 8mpli,fer {20) is co ™«* ed between the 
IIZ ZT ClfCUit ° f thC X ™* iQ ™' (131 of the single- 
ended sw.tchmg circuit and a rectifying/smoothing circuit 
(24), thus forming a high frequency switching circuit 
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High fre quency switching circnii- 

This invention relates to a high frequency 
switching circuit and, more particularly, a high 
frequency switching circuit using a single-ended 
switching circuit. 

As the power source for computer system peripheral 
units and conventional communication devices, low- 
voltage, high-current stabilized power sources have 
been used. These power sources are, in many cases, 
switching power sources, which have the advantages of 
small size, light weight and high frequency. Among 
these switching power sources, those which make use 
of voltage or current resonance waves have sufficient 
switching efficiency of main switching element (such 
as a transistor, a thyristor, a MOSFET, etc.) and can 
operate with low noise. As one variety of the 
switching circuit used for the prior art switching 
power source, there is a subclass-E switching circuit. 
This subclass-E switching circuit is constructed such 
that. a voltage having a waveform corresponding to the 
arc of the resonance waveform appears between the 
terminals of a switching element. To this end, the 
switching cycle and conduction period of the switching 
element and constants of external circuitry are set to 
meet predetermined conditions. Of such subclass-E 
switching circuit, those which use a. voltage resonance 
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waveform have power conversion efficiencies in excess 
of 90% at the operating frequency of several 100 kHz. 
As another variety of the switching circuit of the 
aforementioned kind, there is a half-bridge type 
switching circuit* In this switching circuit, the 
peripheral circuitry is constructed such that the 
waveform of current flowing through a switching element 
corresponds to the resonance waveform. This type of 
switching circuit has an advantage in that a quenching 
circuit can be omitted in case when the switching 
element is a thyristor. In this switching circuit, 
however, the resonance frequency is determined by 
the combination of the rating values of elements 
constructing an external circuit. Therefore, when 
this switching circuit is used for a stabilized power 
source or a power amplifier, the control of the output 
power is complicated. For example, with a forward type 
switching circuit the power control can be obtained by 
merely changing the conducting period of the switching 
element, but with a switching circuit which makes use 
of a resonance waveform it is necessary to control the 
switching cycle in a predetermined relation to the 
conduction period while controlling the conduction 
period in order to obtain power control while main- 
taining the resonance waveform. For this reason, the 
power control is complicated, that is, the control 
circuit is complicated. Further, although power 
control may be obtained with a complicated power 
control circuit/ the available range of control is 
narrow, and a desired stabilized power source or power 
amplifier cannot be obtained. 

An object of the invention is to provide a voltage 
resonance type high frequency switching circuit, which 
permits power control to be obtained simply and over a 
wide range. 

With the high frequency switching circuit according 
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to the invention, a single-ended switching circuit is 
constructed by connecting a switching element circuit 
between a DC power supply and the primary winding of a 
transformer and connecting a resonance capacitor in 
parallel with the primary winding of the transformer. 
A magnetic amplifier is connected between the secondary 
winding of the transformer of the single-ended 
switching circuit and a rectifying/smoothing circuit. 
The rectifying/smoothing circuit includes a rectifying 
element for rectifying the output of • the magnetic 
amplifier and a filtering capacitor connected to the 
rectifying element and in parallel with a load, for 
smoothing the output of the rectifying element. 

With the above high frequency switching circuit, 
the saturable reactor of the magnetic amplifier is 
saturated when the secondary output voltage of the 
transformer goes positive (or negative) and is reset 
when the secondary output goes negative (or positive). 

This invention can be more fully understood from 
the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a circuit diagram showing one embodiment 
of the voltage resonance type high frequency switching 
circuit according to the invention; 

Pig. 2 is a timing chart illustrating the operation 
of the high frequency switching circuit shown in Pig. i, 

Fig. 3 is a circuit diagram showing an equivalent 
circuit to the circuit of Fig. 1 when a switching 
element therein is turned on; 

. Fig. 4 is a circuit diagram showing an eauivalent 
circuit to the circuit of Fig. 1 when a saturable 
element therein is saturated; 

Fig. 5 is a circuit diagram showing an equivalent 
circuit to the circuit of Fig. 1 when the switching 
element therein is turned off; 

Fig. 6 is a graph showing the hysteresis curve of 
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a saturable reactor in magnetic amplifier in the circuit 
of Fig. 1; 

Fig. 7 is a graph showing the hysteresis curve of 
a saturable reactor constructed with a core material 
having a high rectangular ratio; 

Fig. 8 is a graph showing the hysteresis curve of 
a saturable reactor operable at a high frequency; 

, Fig. 9 is a graph showing the hysteresis curve 
constructed with a core material having a low 
rectangular ratio; 

Fig. 10 is a graph showing the hysteresis curve 
obtained when a saturable reactor constructed with a 
core material having a low rectangular ratio is operated 
at a high frequency; 

Fig. 11 is a graph showing the relation of the 
rectangular ratio to frequency for various magnetic 
materials; 

Fig. 12 is a graph showing the relation of the 
coercive force to frequency for various magnetic 
materials; 

Fig. 13 is a graph showing rectangular ratios 
corresponding to coercive forces of various magnetic 
materials; and 

Fig. 14 is a circuit diagram showing another 
embodiment of the high frequency switching circuit 
according to the invention. 

Referring to Fig. 1, a DC power supply 11 is 
connected at its positive terminal to the collector 
of a transistor 12 as a switching element. The 
emitter of the transistor 12 is connected through the 
primary winding 13^ of a transformer 13 to the negative 
terminal of the power supply 11. A resonance capacitor 
14 is connected in parallel with the primary winding 
13i/ and a damper diode 15 is connected between the 
collector and emitter of the transistor 12 in a 
reverse direction. The transistor 12, transformer 13, 
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resonance capacitor 14 and damper diode 15 constitute 
a single-ended switching circuit 16. 

The secondary winding 13 2 of the transformer 13 
is connected at one end through a coil 13 3 to one end 
of a saturable reactor 17, the other end of which is 
connected to the cathode of a reflux diode 18. The 
anode of the diode 18 is connected through the variable 
resistor 19 to the other terminal of the secondary 
winding 13 2 . The saturable reactor 17, reflux diode 
18 and a variable resistor 19 constitute a magnetic 
amplifier 20. 

The other terminal of the saturable reactor 17 
is connected to the anode of a rectifier diode ?l and 
the cathode of the diode 21 is connected through a 
load 22 to the other terminal of the secondary winding 
13 2 of the transformer 13. a filtering capacitor 23 
is connected in parallel with the load 22, and the 
filtering capacitor 23 and rectifier diode 21 constitute 
a rectifying/smoothing circuit 24. 

In the single-ended switching circuit 16, the 
switching cycle and conducting period of the transistor 
12, capacitance of the resonance capacitor 14, exci- 
tation inductance of the transformer 13, etc. are sec 
to values related to one another such that the voltaoe 
applied between the collector and emitter of the 
transistor 12 has a waveform corresponding to the arc 
of sine wave. Also, the ampere-turns of the saturable 
reactor 17 is set in correspondence to the positive 
output voltage of the secondary winding of "the 
transformer 13 such that the self feedback of the 
magnetic amplifier 20 is possible. 

Prior to describing the operation of the voltage 
resonance type high frequency switching circuit of the 
above construction, the following is given to facilitate 
the understanding of the invention. 

If the magnetic amplifier 20 is emitted from the 
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high frequency switching circuit of Fig, 1, i.e./ if 
the secondary side output terminals of the transformer 
3 are directly connected to the rectifying/smoothing 
circuit 24 , a voltage having a waveform as shown by a 
5 dashed plot in (a) in Fig. 2, appears on the secondary 
side of the transformer 13. When the transistor 12 
is. triggered at an instant tO, current from the power 
supply 11 is supplied to a parallel composite inductance 
constituted by the excitation inductance LI and leakage 

10 inductance L2 of the transformer 13. At this time, 
the current flowing through the composite inductance 
increases linearly as shown by the dashed plot in (a) 
in Fig. 2. When the transistor 12 is cut off at an 
instant ton* the current that has been flowing through 

15 the composite inductance turns to flow into the 
resonance capacitor 14 due. to the inertia. The 
direction of the in-flow current at this time is 
negative with respect to the power supply 11, and 
thus the voltage across the resonance capacitor 14 is 

20 gradually reduced from the value of the voltage (+Ein) 
of the power supply 11 and eventually becomes negative. 
When the capacitor terminal voltage reaches the negative 
maximum, it turns to increase and ultimately reaches 
+Ein again, as shown by a dashed plot in (b) in Fig. 2. 

25 The waveform of this terminal voltage across the 

resonance capacitor 14 is featured by the fact that 
the ratio between the area of the positive voltage 
waveform and the area of the negative voltage waveform 
is 4 comparatively small, of the order of 0.5 to 2. 

30 Now, the operation of the high frequency switching 

circuit including the magnetic amplifier will be 
described. The transistor 12 is on-off operated as 
a pulse train P having a predetermined period and a 
predetermined pulse width is supplied to its base. 

35 When the transistor 12 is turned on, the rectifier 
diode 21 is also turned on as is apparent from the 
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polarity of the transformer 13 . When a transient 
state of the high frequency switching circuit is over 
and a steady state sets in, the parallel circuit 
constituted by the filtering capacitor 23 and load 22 is 
now equivalent to a battery. Fig. 1 shows an equivalent 
circuit of the parallel circuit in this state. It is 
assumed, however, that the transformer 13 is an ideal 
.transformer and the battery 30 is an equivalent batterv 
constituted by the filtering capacitor 23 and load 22. 
In the initial state in the conduction of the transistor 
12, the saturable reactor 17 is not saturated, so that 
the impedance of the reactor 17 is very high. In this 
state, the current from the power supply is thus sub- 
stantially the current through the excitation inductance 
15 Ll of the transformer 13. This current is shown in a 
period tO - t c is shown by a solid plot in (a) in 
Fig. 2. When the saturable reactor 17 is subsequently 
saturated, the impedance of the reactor 17 is substan- 
tially reduced to zero. Fig. 4 shows an equivalent 
20 circuit of the switching circuit of Fig. 1 at this 

time. In this state of the circuit, the current that 
has been flowing from the power supply 11 through the 
leakage inductance L2 into the eauivalent batterv 30 
sharply turns to flow to the excitation inductance Ll . 
25 The current supplied to the excitation inductance Ll 
in the period t c - t on is shown by the solid plot in 
(a) in Fig. 2. In the period t c - t on , the terminal 
voltage across the saturable reactor 17 is substantially 
zero. 

30 When the transistor 12 is turned off, the power 

supply 11 is disconnected from the high frequency 
switching circuit. Fig. 5 shows an equivalent circuit 
of the switching circuit of Fig. 1 at the time, the 
saturable reactor 17 is saturated. In this state, the 

35 sum of the excitation current through the transformer 
13 and the current through the load 22 at the instant 
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t on flows into the resonance capacitor 14 , and the 
terminal voltage across the resonance capacitor 14 is 
going to change along the arc of the resonance waveform 
shown by the dashed plot in (b) in Fig, 2. However, 
since in this state the diode 18 is forwardly biased, 
the diode 18 is turned on. Thus, a reverse current 
is caused to flow through the diode 18 and variable 
resistor 19 into the reactor 17. In other words, the 
current through the leakage inductance L2 and the 
current that is flowing through the variable resistor 
19 and opposite in direction to the current through the 
leakage inductance L2 are superimposed upon each other 
in flowing through the saturable reactor 17 • During 
the period t on - t m from the instant when current is 
caused to flow from the leakage inductance L2 through 
the saturable reactor 17 till the instant when the 
current through the leakage inductance L2 becomes 
zero, the magnetic flux produced by the saturable 
reactor 17 changes in a manner as shown in Fig. 6. 
As is shown, it gradually returns from the saturated 
magnetic flux. density Bs to the active region and 
proceeds up to residual magnetic flux density Br. 
From the saturated magnetic flux density Bs till the 
residual magnetic flux density Br, the magnetic flux 
density usually changes substantially flatly, and the 
impedance between the terminals of the saturable reactor 
17 is extremely low. Therefore, during this period 
ton - t m only a low voltage (reset voltage) as shown in 
(a) in Fig, 2 appears across the saturable reactor 17. 
After the leakage inductance current has completely 
flown out, the magnetic flux density provided by the 
saturable reactor 17 is determined by the magnetic 
flux provided by a flyback pulse induced in the 
secondary winding 132 °f the transformer 13. This 
magnetic flux density becomes lower than the residual- 
magnetic flux density and changes within the active 
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region. The minimum magnetic flux density Bomin is 
equal to the quotient of division of the area B of the 
voltage waveform shown in (b) in Fig. 2 by the turns 
number v of the coil of the saturable reactor 17 and 
the sectional area S of the core of the reactor 17. 
After an instant t d , the flux density provided by the 
saturable reactor 17 turns to increase again since 
a positive potential is applied to the reactor 17. 
During the period from the instant t d till an instant 
T + t cr when the voltage area A becomes equal to the 
aforementioned area B, the saturable reactor 17 is 
saturated, so that the impedance across the reactor 17 
substantially becomes zero. Thus, the circuit of Fig. 1 
is equivalent to the circuit of Pig. 4, and voltage as 
shown in (c) in Fig. 2 is supplied to the load 22. This 
voltage can be controlled by the variable resistor 19 
By adjusting the variable resistor 19 the area B of the 
negative voltage waveform is changed to change the area 
A of the positive voltage waveform. Consequently, the 
period during which the saturable reactor 17 is changed, 
whereby the power supplied to the load 22 ia controlled. 

As has been shown, with the magnetic amplifier 20 
provided on the secondary side of the transformer 13, 
it is possible to obtain power control with high power 
conversion efficiency and over a wide range. 

In the above embodiment, as the saturable reactor 
is used one which has a hysteresis characteristic 
having a high rectangular ratio as shown in Fig. 6. 
As for the rectangular ratio, by using the usual 
material such as Sendelta (trade name) as the core 
material and taking the hysteresis characteristic as 
DC, a high value can be obtained. Fig. 7 shows a 
hysteresis curve obtained in this way. However 
where the saturable reactor that is formed by using 
the aforementioned. core material is driven at a high 
frequency of the order of 100 kHz , a hysteresis curve' 
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having projecting shoulders as shown in Fig. 8 results, 
that is, the coercive force is extremely increased. 
Such a hysteresis characteristic results from a peculiar 
character to the material that cannot be improved by 
5 reducing the core plate thickness even to the order of 
10 microns* 

Meanwhile, such magnetic materials as square 
permalloy show a hysteresis characteristic as shown in 
Fig. 9. Although the rectangular ratio Br/Bs when the 

10 DC is 80% which is below the DC rectangular ratio of 

Sendelta or like magnetic material, at high frequencies 
of the order of 50 kHz a hysteresis curve as shown in 
Fig; 10 can be obtained, with the rectangular ratio at 
this tine being 94% higher than that of the DC. Thus, 

15 for high frequencies the aforementioned square permalloy 
and like materials can be sufficiently used for the 
magnetic amplifier. Beside the rectangular ratio, the 
coercive force is also an important factor of the core 
material of the magnetic amplifier. While a magnetic 

20 material that provides a high rectangular ratio at the 
DC provides a low coercive force at the DC, at high 
frequencies it shows an apparently very high coercive 
force Kc due to increased eddy current. On the other 
hand, square permalloy and like materials do not show 

25 high coercive force even at high frequencies so that 
they can be sufficiently used for high frequency 
magnetic amplifiers. 

Fig, 11 shows the relation between the rectangular 
ratio Br/3s and frequency for Sendelta (1) square 

30 permalloy (j) and cobalt-containing amorphous alloy 
(k) as typical magnetic amplifier materials. In the 
curves shown in Fig. 11, dashed portions represent 
regions incapable of measurement, that is, the function 
of the magnetic amplifier cannot be obtained for these 

35 regions. The rectangular ratio of the Co-containing 

amorphous alloy (k) is only 29% at the DC but is 94% at 
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the operating frequency of 100 kHz. This means that 
a magnetic amplifier using Co-containing amorphous 
alloy (k) can sufficiently function as such at high 
frequencies. 

Fig. 12 shows the relation between the coercive 
force He and frequency for the magnetic materials (i), 
(j) and (k) mentioned above. As is seen from this 
graph, square permalloy (j) and Co-containing amorphous 
alloy (k) have coercive force He of the order of 
0.23 Oe at 50 kHz, but Sendelta (i) has a coercive 
force of 90 Oe and is incapable of measurement of the 
coercive force at frequencies above 20 kHz. 

It will be understood from the above that as the 
magnetic material for the magnetic amplifier used for 
the high frequency switching circuit, those which have 
a coercive force He of 0.6 Oe or below at an operating 
frequency of 20 kHz or above and a rectangular ratio 
Br/Bs of 80% or below are suitable. In other words, 
magnetic materials having magnetic characteristics 
enclosed in a region of a rectangle ABCD in Fig. 13 are 
desired as the magnetic material of the high frequency 
magnetic amplifier. Fig. 13 shows the relation between 
the rectangular ratio Br/3s and coercive force He with 
the frequency as the third parameter. Mark x designates 
a characteristic at DC, mark o at 10 kHz, mark # at 
20 kHz, mark A at 50 kHz and, mark * at 100 kHz. If 
a magnetic amplifier which uses a magnetic material 
having a characteristic lying within the rectangle 
ABCD in Fig. 13 is used as the magnetic amplifier for 
the high frequency switching circuit of Fig. 1, it is 
possible to obtain a high frequency switching circuit 
which has high efficiency and operates stably. If a 
choke coil 50 and a reflux diode 51 are provided as 
shown in Fig. 14, the efficiency and stability of the 
high frequency switching circuit can be further 
improved. 
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Claim: 

1. A high frequency switching circuit comprising: 
a single-ended switching circuit including a 

transformer (13) having a primary winding (13^) and a 
5 secondary side circuit (132, 1^3)/ a switching element 
circuit (12, 15) connected between the primary winding 
(13^) of said transformer (13) and a DC power supply 
(11) and a resonance capacitor (14) connected in 
parallel with said primary winding (13^); 

10 a rectifying/smoothing circuit (24) including a 

filtering capacitor (23) connected in parallel with a 
rectifying element (21) and a load (22); and 

a magnetic amplifier (20) connected between said 
secondary side circuit of said transformer (13) and said 

15 rectifying/smoothing circuit (24). 

2. The high frequency switching circuit according 
to claim 1, wherein said magnetic amplifier (20) is 
constituted by a saturable reactor (17) connected 
between an output terminal of the secondary side 

20 circuit of the transformer (13) and said rectifying 
element (21), and* reflux means connected in parallel 
with said rectifying/smoothing circuit (24) for passing 
current stored in said saturable reactor (17) and 
forming a closed circuit in co-operation with said 

25 rectifying/smoothing circuit (24). 

3. The high frequency switching circuit according 
to claim 2 f wherein said reflux means includes a diode 
(18) and a variable resistor (19) connected in series 
with said diode (18) . 

30 4. The high frequency switching circuit according 

to claim 1, 2 i or 3, wherein said magnetic amplifier 
includes a saturable reactor (17) constructed with a 
magnetic material providing a hysteresis rectangular 
ratio of 80% or above and a coercive force of 

35 0.6 oersteds or below at an operating frequency of 
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20 kHz or above. 

5. The high frequency switching circuit according 
to claim 1, 2 or 3, wherein said switching element (12) 
circuit includes a switching element connected between 
said power supply and the primary winding of said 
transformer and on-off controlled with a predetermined 
period and also with a predetermined conducting period 
and a damper diode (15) connected across said switching 
element. 
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